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A manipulator t move on hjkct in tlie space with sit least tree arms 

TECHNICAL AREA 

The present invention relates to an industrial robot conyirising a n[ianq>ulator and control 
S eqntpment where the manipulator has a number of amas conoprising link s3rsterDs where the 
arms together support a moveable element The present invention intends to directly or 
indirectly support atool that can be used for tibe moving, measuring, tceatings processing, etc. 
of objects. 

10 BACKGROtJND 

A parallel robot comprises a manipulator and control equipment, ^ere the manipulator 
comprises three anns, each of which is joined to pivot between a first aod a second element 
In the present parallel robot, the first element is fixed in space. The second element consists of 
a manipulated platform that supports a tool or similar. In the parallel robo^ there takes place a 
15 relative displacement of the second element in relation to the first element with the second 
element retaining its orientation/inclination. A tool is normally used when the robot is to 
pickup and move items between two positions/places. For picking up, the usual need is fi)r the 
robot to be able to move quickly. Anotiier need is normally that the moveable element/tool 
retains its orientation in space during the movement. 

20 

Today, the most widely used robots for moving and rotating objects without changing the 
inclination of the object, are those of the so-called SCARA type. These robots are 
manufactured for the four degrees of freedom x, y, z and the rotating of objects aroimd the z- 
axis. Two serially coupled arms that operate in the xy-plane with axes at right angles to the xy 

25 -plane are used for manipulating the object in the xy -plane. To obtain a movement in the z- 
direction, a linear displacement device is used. This device can be located either after or 
before the serially coupled arms in the kinematic series chain of the robot. In the first case, the 
serially coupled aims must displace the driving means for the z-movement and in the second 
case the driving package for the z-movement must displace the serially coupled arms. The 

30 driving package for rotating of objects around the z-axis wUl always sit fiirthest out in the 
kinematic chain of the robot A so-called SCARA robot must be able to take up the torque. 

Serial coiq}ling the arms of a so-called SCARA robot means, just as with all other robots with 
serially cotipled kinematic luiks, that the robot acquires a large moveable mass. In addition. 
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the serial coupling means that the structure of the robot becomes weaker. Even the precision 
is adversely affected and large motor moments are required to achieve rapid displacements. 

Document WO 9958301 shows a manipulator for the relative displacement of a first and 
5 second element. The manipulator comprises three link arrangements A, B and C that are 
connected between the two elements. The link arrangements A, B and C are driven by three 
power appliance arrangements 3, 4 and 5. The link arrangements comprise upper arm and 
lower arm conqK>iients. The lower arm coniponents are connected to the upper aim 
conq[K>iients 6, 7 and 8 respectively to the second element by means of joint arrangements. 
10 The axes of rotation of tiie joint arrangements cut or coincide with an axis of symmetry (44) 
of the second element. 

This arm structure has been made possible through the nianq>ulated platform being designed 
as a frame construction in three dimensions and by the components of ail three arms closest to 
IS the moveable platform consisting of two links for transferring conqpressiag and pulling 
tensions from the manipulated platform. 

Document WO 9733726 shows an industrial robot defined according to that above where the 
serial kinematic structure in the manipulator is replaced by a parallel kinematic structure* 

20 Three driving mechanisms are fitted with coinciding centres of rotation and each driving 
mechanism is joined with the moveable element in the form of a two dimensional platform via 
arms with five degrees of freedomu The con4)onents of the arms closest to the moveable 
p]atfr>rm comprise three, two or respectively one link and these links only need transfer 
compressing and pulling tensions, which causes them to be very rigid, even if they are 

25 designed with small dimensions and of lightweight material. In addition, the joins are only 
subjected to a normal force from the links and bearings can therefore be made light, ri^id and 
precise. All driving mechanisms are mounted on the fixed element and as 2 or 3 of the 
driving mechanisms have a common centre axis, the whole robot structure can pivot round in 
the same manner as with a SCARA-robot. 

30 

Document US 4 976 582 shows a manipulator for the relative displacement of a first fixed and 
a second manipulated element where the second element maintains its orientation in space 
during the displacement. The manipulator comprises three arms, each of which is joined to 
pivot with both elements. Each of the arms is joined to pivot in the first element in single-axis 
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joints. Each of the arms is also joined to pivot with the second element via link systems 
comprising two parallel links joined with elements in joints with at least three degrees of 
freedom. Thus, a total of all six links are joined to pivot with the second element. The aim is 
to set up a robot where the arms are arranged so that the second element always maintains its 
orientation in space and where the links are capable of transferring the torque. 

When a robot according to that above is used in certain applications that demand high 
precision, e.g. measuring or processing material, the plat&rm must be manu&ctured with 
great accuracy. In addition, the joints must be mounted on the platform with great accuracy 
and at the same time the angles of deflection of the joints must be made large. 

Both the manipulator with a two dimensional platform and the mianipulator with a three 
dimensional manipulator platform bring about the need for the platform to be manu&ctured 
with great accuracy as six joints each with 2 or 3 degrees of freedom are to be mounted on the 
manipulated platfonn. 

With regard to material processing and other applications where large forces act on the 
platform, the platform must also be made rigid and the joins be given rigid attachments in the 
manipulator platform without compromising accuracy. During the application of a large 
external torque to the platfoma, the platform must additionally be made so large that the joint 
forces that arise do not lead to damage of the joint sur&ces or the ball bearings. There is thus 
a need for a robot that eliminates twisting and vibrations in its construction. Furthermore, the 
robot should have a small moving mass to accommodate the desired cycle times. 

"When lliese factors are added together, the need arises for a manipulator that displays great 
accuracy during operation, has a large rigidity and at the same time is cheap and easy to 
manufacture. 

When manufacturing and using industrial robots of the type specified above, the need thus 
arises for platforms that have a comparatively small extension in space, have a small moving 
mass and yet still have sufficient rigidity and high accuracy. They should have a minimal 
construction, simple and cheap attachment of the joints and yet still fiilfil the demand for 
rigidity. 
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The mampiilated platforms in the documents stated above cannot fulfil these requirements. 
DESCRIPTION OF THE INVENTION 

The industrial robot in this present invention coBOprises a manipulator with control equipment. 
The manipulator is set up as a parallel robot with a mmiber of arms, each of which is joined to 
pivot with a first and a second element. In the present parallel robot, the first element is fixed 
in space and the second element consists of a manipulated platfortiL The arms are arranged 
between the elements so that the second element retains its orientation/inclination in space 
during displacement. The arms consist of link systems conq>rising at least one link and joints 
in which the transfer of power takes place through pure con:9)ressing and pulUng forces. The 
arms aie built up of a first and a second arm part that are joined to pivot and that conq>rise 
single links, two or more paraUel link arms or non-parallel multi-link systems. These allow 
movements between an actuator arm and a manipulated platform. The word ''link" includes 
joint connections at the respective ends of the link. 

The aim of the present invention is to arrange in a manipulator defined according to that 
above a manipulated platform that is designed with a minimal construction for the 
manipulated platform and with a single attachment of the joints on the platfomt Another aim 
is to give a fiist robot with a large force that is csqpable of working with high precision in a 
large number of application areas. Another aim of the invention is to design a relatively cheap 
manipulator lhat will give a cheap and lightweight robot. 

The solution according to the invention is characterised by the manipulator for the relative 
displacement of a body in space specified in claim 1. The manipulator comprises one element 
25 and at least three arms arranged to together displace an element ui space with retained 
orientation/inclination. In addition, the manipulator comprises a first arm that comprises two 
parallel links that are attached to the element with joint arrangements allowing three degrees 
of fireedom. Fiirthermore, the manipulator comprises a second arm that comprises two parallel 
links that are attached to the element with joint arrangements allowing three degrees of 
30 freedom. The joint arrangements are arranged on a common line of symmetry of the element. 

The manipulator with the included link set ups and joint arrangements according to the 
invention is arranged in accordance with the subordinate claims. The arms are arranged so 
that all degrees of freedom of the manipulated element, apart fix)m the pivoting around the 
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axis of symmetry, can be locked- The words "lock a degree of freedom" are defined as 
follows. A body has six degrees of freedom, three for rotation and three for translation, and if 
one degree of freedom is locked, the body cannot move in that degree of freedom. The 
manipulator according to the invention comprises arms in the form of a first and a second arm 
5 part consisting of link set-ups. The words "link set-ups" are defined as a structure consisting 
of joined together links where the links are connected together with joints. The connecting 
together of the links can be both in series and inparalleL 

The solution according to the invention also includes that the noampulator is produced 
10 according to the first independent method clairtL The solution according to the invention even 
includes driving the manipulator and locking degrees of freedom according to the second 
independent method claim as well as using the manipulator in high precision applications 
according to the independent use clainoi 



IS According to one advantageous embodiment of the invention, the included joints each have 
three degrees of freedom and only five links are joined with the second element with joints 
that are arranged on the second element so that every pivoting axis coincides with or cuts the 
common line of synunetiy. In this way, all degrees of freedom except for the pivoting around 
the axis Hiat is constituted by the lin^ of symmetry are locked. This means that tools such as a 

20 measurement ptobe, for example, alwa3rs maintain a pre-defined with a constant inclination 
while pivoting around the line of symmetry is indefinite. 

Also included in the concept of the invention is that a tool is mounted symmetrically around 
the line of symmetry and thereby always carries out its task with the same precision. The 
25 concept of the invention also includes that the pivoting of the tool around the line of 
symmetry is locked through one joint being given only two degrees of freedom. 

It is part of the concept of the invention that the individual joints consist of universal/cardan 
joints, homokinetic couplings or ball joints. In the latter case, a degree of freedom is added in 
30 the form of pivoting capability of the individual link around its length axis. For links arranged 
parallel, this extra degree of freedom does not mean any further freedom of movement for the 
manipulated element in relation to the fixed element when Ihe robot is in its assembled state. 
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In one advantageous embodiment of the invention, the included joint arrangements are 
designed so that in the assembled state of the robot, they allov^r relative movement with at 
least two degrees of freedom. The movement takes place between the first arm part and the 
manipulated element. The degrees of freedom are given by the ability to pivot in all directions 
5 by a second arm part around two angled real or imaginary axes, both relative to the equivalent 
first arm part and the manipulated element. The individual joints consist of universal/cardan 
joints, homokinetic couplings or ball joints. In the latter case, a degiee of freedom is added in 
the form of pivoting capability of the second arm part around its length axis, which, as 
mentioned earlier, adds a further degree of freedom of the manipulated element in relation to 
10 the fixed element when the robot is in its assembled state. 

Included in the concept of the invention is that the links of the link pairs conoqprised in the 
second arms parts have the same length and are parallel This means that the 
inclination/orientation of the manq)ulated element does not depend on its position. 

15 

Included in the concept of the invention is that the second element includes a threaded rod 
onto which joint balls provided with throughrholes and distance elements in the form of tubes 
ace threaded and fixed. The precision of the mounting of the balls is detenmned by the tube 
parts and not in the fitting of the rod hi the ball hole. This gives high precision since the fitting 
20 depends only on the precision of the balls and the distance tubes. Both can be made with high 
precision at a low cost by, fi>r exanq>le, using ball-bearing balls and distance tubes with &ce- 
ground end sur&ces. 

In one advantageous embodiment of the invention, arm C with its second arm part is arranged 
25 so that a link included in the arm part can pivot with large amplitude in all directions. The 
pivoting axes of the joint function cut or coincide with the axis of symmetry of the 
manipulated element. The centre of a constituent ball joint Ues on the axis of symmetry of the 
manipulated element. To obtain the correct working area for the link associated with the joint, 
the attachment of the joint ball is arranged in the xy-plane in a direction towards the fixed 
30 element of the robot. In this way, both pivoting axes of the joint will be perpendicular to the 
axis of symmetry. Thus, a large working area for the robot is obtained since the joint function 
acquires a large space for swinging around the pivoting axes. The concept of the invention 
also includes that both of the pivoting axes named above cut the axis of symmetry. 
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In one advantageous embodiment of the invention, a joint arrangement comprises spring pre- 
tensioned ball joints where pulling springs are used to hold together joint sockets with joint 
balls. The manipulated element is designed to allow two link rod pairs with pairs of opposite 
joint sockets to be coupled in. Equivalent joint balls are arranged on the manipiilated element 
5 via rods on the lower respective upper side of the joint balls so that the joint sockets can freely 
enclose the joint balls from the upper respective lower side. The joint sockets are then pressed 
against the respective joint bail with the pulling spring. 

It is part of the concept of the invention to change the sequence between the joints arranged 
10 on the manipulated element. One embodiment with a certain sequence between the joints 
results in the forces along the manipulated element being more evenly distributed and thus 
giving a less rigid and accordingly lighter manipulated element con^ared with another 
embodiment with an alternative sequence between the joints. 

IS In one advantageous embodiment of the invCTition, the arm C has a second arm part that is 
joined to pivot with a universal/cardan coupling at each end. A driving mechanism with the 
necessary transmission is arranged to pivot the universal/cardan coiqpling on the second arm 
part. By pivoting the universal/cardan coupling, tibie pivoting of the manipulated element is 
controlled and tiie rotational angle of a tool is manipulated. In accordance with embodiments 

20 described previously, the pivoting axes of all joints on the manipulated element coincide with 
or cut the axis of symmetry. 

In one advantageous embodiment of the invention, the joints comprise triple-axis joints that 
are connected togetho: to form a link set-up. One such joint has a single-axis bearing arranged 
25 with the pivoting axis in the z-direction. A further two single-axis bearings are arranged on 
either side of the &st bearing with a common pivoting axis perpendicular to the pivoting axis 
of the first bearing. One embodiment of the invention has joints with three single-axis 
bearings arranged and, to obtain a symmetric loading of the bearings, pairs of links have been 
introduced. 

30 

According to another advantageous embodiment of the invention, the robot is arranged with a 
fourth arm D comprising a first arm part and a second arm part consisting of link set-ups and 
a fourth driving mechanism to control the angle of rotation of the manipulated element around 
its axis of symmetry. 
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Included in the concept of the invention is tibat the anns comprise translatoxy functioning arm 
parts. 

5 In the embodiments described above, the manipulated element is manipulated relative to the 
fixed element with 3 or 4 degrees of freedom. Also included in the concept of the invention is 
the use of the described joint arrangements on the manipulated element to manipulate this 
relative to the fixed element with only two degrees of freedom. In one advantageous 
embodiment, the robot has arm C connected with either arm A or arm B in the arms "AC" 
10 alternatively ' 'BC which locks the degree of freedom of the manipulated element that in the 
embodiments described above is manipulated via link set-up C. 

Included in the concept of the invention is that the actual driving of the moving sections 
relative to the stationary sections at the driving mechanism is done via transmissions such as 
IS gearboxes, and hollow axles built into the £bced element. Also included in the concept of the 
invention is that other couplings are obtained between the pivoting mechanism through 
different transmission arrangements between the motors and the pivoting mechanism. 

Also included in the concept of the invention is that two of the driving mechanisms either 
20 have or do not have pivoting axes that coincide. Two driving mechanisms having pivoting 
axes that coincide is to be pre&red as the kinematics for pivoting the robot around are 
sinqplified. 

Also included in tibe concept of the invention is that the tool rotates via an external power 
25 source with carriers. 

Included in the concept of the invention is that the arms do not sit on a frame but that instead 
each sits on its own fbced point in space at a distance from one another. Also included in the 
concept of the invention is that the arms have different inclinations on the pivoting axes but 
30 have a common pivoting component. 

This description should not be seen as a limitation of the invention but only as a guide to a fiill 
understanding of the invention. It must thus be considered that the manipulator can be 
mounted on a floor, wail or ceiling. The terms horizontal plane, over, under, etc., relate to 
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different positions depending on how the manipulator is mounted, and over can thus hecome 
under, and so on. Adaptation to manipulators that include other active parts plus the 
replacement of parts and details that are obvious for a person skilled in the art can naturally be 
made within the concept of the invention. 

5 

DESCRIPTION OF THE FIGURES 

The invention will be described in more detail through the description of an embodiment with 
reference to the attached drawings where 

10 Fig. 1 shows a manipulator conq>rising three parallel arms connected to a first and a second 
element according to the invention. 

Fig. 2a shows a first att^oative embodiment of the manipulated platform according to the 
invention. 

Fig. 2b shows a baU joint according to F^. 2a, 
15 F^. 3 shows a second alternative embodiment of the manipulated platform and associated 
joint arrangement according to the invention. 

Fig. 4 shows a third alternative embodiment of the manipulated platform and associated joint 
arrangement according to the invention. 

Fig. 5a shows a fourth alternative embodiment of the manipulated platform and associated 
20 joint arrangement according to the invention. 
Fig. 5b shows a ball joint accorditig to Fig. 5a, 

Fig. 6 shows an alternative embodiment of joints that are included in tiie manipulated 
platform according to the invention, 

F^. 7 shows a first alternative embodiment of the niaiqpulator according to the invention 
25 arranged with a joint arrangement according to Fig. 6, 

Fig. 8 shows a second alternative embodiment of the manipulator according to the invention. 
Fig. 9 shows an embodiment where two of the arms according to Fig. 1 are joined together. 
Fig. 10 shows a second alternative embodiment with two arms according to Fig. 1 joined 
together. ^ 

30 

DESCRIPTION OF AN EMBODIMENT 

An industrial robot con^nrises a manipulator (Fig. 1) for the relative displacement of a first 
element 1 and a second manipulated element 2. The manipulator comprises three arms. A, B 
and C, that were and are arranged in parallel and that join together the first 1 and second 2 
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element In this embodiment, the first element 1 is firmly attached to a Jfratne. The second 
element 2 can be regarded as a platform 2 that, in this embodiment, consists of a rod-like 
element. Each one of the arms A, B and C respectively comprises partly a first arm part 6a, 7a 
respectively 8a and partly a second arm part 6b, 7b respectively 8b. The second arm part 6b 
5 consists of two parallel links 14 and 15, the second arm part 7b consists of two parallel links 
16 and 17, and the second arm part 8b consists of one link 18. 

The parallel links 14 and IS respectively 16 and 17 have the same length and are parallel so 
that the inclination of the second element 2 shall not depend on its positioiL 

10 

The links 14 respective 15 included in the arm A are joined to pivot with the first arm part 6a 
at the joints 20 respectively 21 and with the platform 2 at the joints 22 respective 23. 

The links 16 respectively 17 included in the arm B are joined to pivot with the first arm part 
15 7a at the joints 24 respective^ 25 and wfth the platform 2 at the joints 26 respectively 27. 

The link 18 of the arm C is joined to pivot with the fibrst arm part 8a at the joint 28 and virith 
the platform 2 at the joint 30* 

20 Here, the manipulated platform 2 consists of a rod-like element 2 that has a line of symmetry 
44. The joints 22, 23, 26, 27 and 30 are arranged on the rod-like element. The joints 22, 23, 
26, 27 and 30, which have three degrees of freedom, are arranged with every pivoting axis to 
coincide with or cut the common line of symmetry 44. This means that a tool such as a 
measurement probe 36, for example, always acquires a pre-defined position with a constant 

25 inclination while its pivoting around the line of symmetry 44 is indefinite. The measurement 
probe 36 is fitted symmetrically around the line of symmetry 44. Fig. 3 shows that even the 
pivoting of the tool 36 around the line of symmetry 44 can be locked if the joint 30 is given 
only two degrees of fireedom. 

30 Driving mechanisms 3, 4 and 5 are arranged to bring respective arms A, B and C into 
movement and to in this way achieve a relative displacement of the platform 2 in x, y and z 
directions in relation to the first element 1. 
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The driving mechaiusms 3, 4 respectively 5 are arranged wifti a stationary section 3a, 4a 
respectively 5a as well as a section 3b, 4b respectively 5b that is moveable in relation to this. 
The driving mechanisms are designed as pivoting mechanisms, i.e. their moving parts 3b, 4b 
respectively 5b can pivot or rotate. The driving mechanisms 3 and 4 have their stationary 
5 sections 3a, 4a firmly attached to the first element 1. In Fig. 1, the fixed section 5a of the 
driving mechanism 5 is firmly attached to the pivotable part 4b of the driving mechanism 4. It 
is thus possible to pivot the whole of the robot structure around a column-shaped part la of 
the fixed element L 

10 The assembled state of the manipulator allows relative movement with at the most two 
degrees of freedom between the first arm part 6a, 7a respectively 8a and the second element 2 . 
For arm A, the degrees of fieedom fi>r swiveling in all directions are obtained from the links 
14 and 15 around two angularly set-iq) real or imaginary axes both relative to the first arm 
part 6a and the second element 2. The joints 20, 21, 22 and 23 consist of ball joints, which 

15 give a degree of fi*eedom in the form of pivoting c^ability at the individual links 14 and 15 
around their length axes. One consequence of the parallel arranged links 14, 15 is that this 
additional degree of freedom does not give any additional fiieedom of movement at the second 
element 2 in relation to the first element 1 when the robot is in its assembled state. 

20 The same conditions regarding ball joints ^ply for arm B. Two degrees of fieedom for arm B 
are given by the pivoting capability in all directions of links 16 and 17 around two angularly 
set-up real or imaginary axes both relative to the first arm part 7a and the second element 2. 
The joints 24, 25, 26 and 27 consist of ball joints, which give a degree of freedom in the form 
of pivoting capability at the individual links 16 and 17 around their length axes. One 

25 consequence of the parallel arranged links 16, 17 is that this additional degree of freedom 
does not give any additional freedom of movement at the second element 2 in relation to the 
first element 1 when the robot is in its assembled state. 

For arm C, ball joints 28 and/or 30 give a fiirther degree of freedom at the first arm part 8a 
30 relative to the second element 2, namely pivoting capability around the line of symmetry 44 
of the platform 2. Arm C requires that the link 18 be joined with the first arm part 8a by 
means of ball joint 28 and, with the aid of ball joint 30, joined to the second element 2. These 
joint arrangements are designed so that in the assembled state of the robot they allow relative 
movement with three degrees of freedom between the first arm part 8a and the second element 
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2. These degrees of freedom are given by a the pivoting capability in all directions of the link 
1 8 around two angularly set-up real or imaginary axes both relative to the first arm part 8a and 
the second element 2, as well as a degree of freedom in the fi)rm of pivoting capability of link 
18 around its length axis. 

5 

Driving mechanism 4 has its moving part 4b joined to the first arm part 7a on arm B so that 
the driving mechanism 4 is capable of imparting a swinging movement in the xy-plane to the 
first arm part 7a. In an equivalent manner, driving mechanism 3 has its moving part 3b joined 
to the first arm part 6a on arm A so that the driving mechanism 3 is capable of imparting a 
10 swinging movement in the xy -plane to the first arm part 6a. Both driving mechanisms 3 and 4 
have pivoting axes that coincide, as shown in Fig. 1 . 

The main task of driving mechanism S is to give the second element 2 an upwards and 
downwards movement and the pivotiqg axis for driving mechanism 5 is thus at right angles to 

IS the pivoting axes for driving mechanisms 3 and 4. For tiie robot to be able to swing round the 
first element 1, tiie fixed part Sa is mounted on the driving mechanism 5 in such a manner that 
the pivoting axis of driving mechanism S accompanies the pivoting of any of the first arm 
parts 6a or 7a or is coupled to botibi the first arm parts 6a and 7a via a transmission so that the 
first arm part 8a always finds itself in tiie middle between the first arm parts 6a and 7a. In Fig. 

20 1, the fixed part Sa of driving mechanism S is iBrmly attached to the moveable part 4b of 
driving mechanism 4. 

The critical aspect in the design of the robot according to Fig. 1 is to obtain a joint 
arrangement fi)r tiie joints 22, 23, 26, 27 and 30 so that all degrees of freedom of the second 
2S element 2 except for pivoting around the axis of symmetry 44 are locked by the links 14, 15, 
16, 17 and 18. In the figure, the joints are arranged in the following order from the top 
downwards; 30, 22, 26, 23 and 27. 

Fig. 2a shows an embodiment where the joints in the manipulator according to Fig. 1 are 
30 arranged according to an alternative sequence on the second element 2, namely 30, 26, 22, 23 
and 27. All joints consist of ball joints where the respective joint balls 30a, 26a, 22a, 23a and 
27a have been mounted through a threaded rod 2g with a nut 2f pulling together the joint balls 
and the distance tubes 2a, 2b, 2c, 2d and 2e that lie between them. At one of its ends, rod 2g is 
attached to joint ball 30a and passes freely through hole 44a that is made in the other joint 
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balls. The tool 36 is mounted at the lower end of the rod 2g on an extra platform, Avhich even 
supports an external driving source to rotate the tool. 

The joint function can be obtained in a number of ways and Fig. 2b shows one example with a 
5 joiat socket 55 and a holder-on 56. In Fig. 2b, joint ball 26a is seen from above and in the 
centre of the joint ball iq this perspective there is the hole 44a for the rod 2g. The joint 
function is obtained through a joint socket 55, which abuts ball 26a at at least three points, 
being pressed i3nnly against the ball with a holder-on 56 that abuts the ball at at least one 
point. The joint socket and holder-on are mounted on link 16 with the aid of the holder 57 that 
10 is sprung to obtain a predefined force between the holder on and the joint socket The joint 
according to Fig. 2b is also used for the joints 22a, 23a, and 27a. 

Link 16 can pivot with large an4>litude in all directions, and this is made possible by the joint 
function in Fig. 2b acquiring a large space for pivoting around the pivoting axes 58 and 2g. To 
15 obtain the correct working area for link 18, the attachment of joiot ball 30a is arranged in the 
xy -plane in a direction towards the fixed element 1 of the robot, wh^by both pivoting axes 
of the jomt become perpendicular to the axis of symmetry 44. For the best function of the 
robot, both of these pivoting axes cut the axis of symmetry. 

20 Fig. 3 shows a joint arrangement with pre-tensioned sprung baU joints, where pulling springs 
40, 41 are used to hold ball sockets and ball joints together, constructed for the connection 
between tiie arms A respectively B and element 2. The second element 2 is designed to allow 
the connecting of the link rod pairs 14, 15 respectively 16, 17 with opposite pairs of joint 
sockets 22b, 23b respectively 26b, 27b. The joint balls 22a and 23b are arranged agamst the 

25 second element 2 via rods on the upper respective lower sides so that the joint sockets 22b 
respective 23b can freely enclose the joint balls 22a and 22b from the upper respective lower 
sides. The joint sockets are then pressed against the respective joint ball with the pulling 
spring 41. The equivalent arrangement is made for the link rods 16 and 17 where the joint 
sockets 26b respective 27b then press against the joint balls 26a respective 27a with the aid of 

30 spring 40. 

For the conq)lex designed second element 2 to acquire a well-defined orientation around its 
symmetry/rotation axis 44, the ball joint 30 in Fig. la is replaced by a imiversal/cardan 
coiipling 42 that does not allow element 2 to rotate. Universal/cardan coupling 42 consists of 
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the cross 42e that binds the pair of bearings 42a, 42b with the pair of bearings 42c, 42d 
mounted at right angles to them. Link 18 is coupled to the pair of bearings 42c, 42d via an 
upper yoke, and the second element 2 is coupled to the pair of bearings 42a, 42b via a lower 
yoke. 

5 

Fig. 4 shows an alternative joint arrangement. The only difference with the arrangement 
shown in Fig. 3 is that the joints to the link pairs 14, IS and 16, 17 have another sequence 
along the axis of rotation 44, namely the sequence that was used in F^. la. As such, the joints 
now come in the order 22, 26, 23 and 27 in the direction towards the tool 

10 

Fi^. 5a shows an attemative joint arrangement where several link rods share the same joint 
ball The joints 22, 26 and 30 in Fig. 1 share a first common relatively larger ball joint 45 in 
Fig. 5a and the joints 23 and 27 share a second common relatively larger ball joint 46. This 
means that the joint axes for the links 14, 16 and 18 cut one another at a common point that 
15 lies on the axis of symmetry 44 of the second element 2. In an equivalent manner, the joint 
axes for the links 15 and 17 cut one another at a common point that also lies on the line of 
symmetry 44. Joint balls 45, 46 and the tool 36 are arranged with the use of distance casings 
2aand2bandathreadedrodinthesamemanner as shown previously ia Fig. 2a. 

20 The joint function according to the joints 45 respectively 46 is shown in Fig. 5b. A magnet 35 
holds firmly the end sur&ce of link 16 agaixist joint ball 45. In the same way, links 14 and 18 
are arranged on joint ball 45 and links 15 and 17 are arranged on joint ball 46. 

Fig. 6 shows how single-axis bearings can be coupled together to form the second arm part 
25 7b. The joint arrangements 24 and 25, which connect the first arm part 7a to the links 16 and 
17, consist of 3 single-axis bearings 24a, 24b, 24c respectively 25a, 25b, 25c. The bearings 
24c and 25c have a pivoting axis in the z-direction and are mounted on the part of the first 
arm part 7a that extends in the z-direction. On either side of the bearings 24c and 25c, 
bearings 24d, 24e, 25d, 25e are arranged with pairs of common pivoting axes at right angles 
30 to the pivoting axes for bearings 24c respectively 25c. The same bearing configuration is used 
to join links 16 and 17 to the second element 2 with joints 26 and 27. To obtain a symmetric 
loading of the bearings, link pairs 16a, 16b and 17a, 17b have been introduced. In the same 
itnanner as in Figs. 3 and 4, a universal/cardan coupling is used to join link 18 to element 2. 
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With the bearing arrangement for the second arm part shown in Fig. 6, a robot can be built up 
according to Fig. 7. The figure shows how both the arm parts 8a respectively 6a are arranged 
with the joint arrangement according to Fig. 6. 

5 To steer the rotation angle of the second element 2 around its axis of symmetry 44, an 
additional arm D is joined to pivot with the first element in a single-axis joint in the form of a 
driving mechanism 46. The arm D comprises a first arm part 47, the parallel link 49 and the 
arm 51. The link 49 is joined to pivot with the first arm part 47 via the joint 48 and with the 
arm 51 via joint 50, The joints 48 and 50 are designed so that the link 49 can pivot in all 
10 directions relative to arm 47 and similarly can pivot in all directions relative to arm 51, which 
means that the joints 48 and SO have at least 2 degrees of fireedonL In Fi^. 7, the same type of 
joint arrangement is used fot joints 48 and 50 as is used fox the joints 24, 25, 26, 27, 20, 21, 
22 and 23 in fig. 6. This type ofjoint arrangement works for the arm Das long as the arms 47 
and 51 pivot in the same plane. 

15 

The joints 28 respective 30 connect link 18 with the first arm part 8a respectively a part 52 of 
the second element 2 and are executed as universal/cardan couplings. For arm D to be able to 
pivot the second element 2 around the axis of synunetiy 44, at least one of the 
universal/cardan joints is complemented with a bearing 53 so that the second element 2 can 
20 pivot relative to the first arm part 8a. 

In Figs. 1-7, file second element 2 is manipulated relative to the first element 1 with three or 
four degrees of fi:eedom. However, it is also possible to cany out this manipulation 2 relative 
to tile first element 1 with only two degrees of fiieedom, as is shown in F^. 8. 

25 

Here, arm C is built together with arm B. The arm A is unchanged. B has been complemented 
wifli The link 18 firom the arm C is arranged in the link system of the second arm part 7b 
between the parallel links 16 and 17. The link 18 is arranged diagonally between the first arm 
part 7a and the second element 2 via the joints 28 and 30 to lock the degree of freedom of the 
30 second element 2 that is manipulated via the arm C in Fig. 1. The length of the link 18 
between the joints 28 and 30 is adjusted with a built-in adjustment device 28a. In this manner, 
the inclination of the second element 2 can be steered separately from the arms A and B. 
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In Fig, 9, the pivoting mechanism 5 and thereby the attachment for the arm C has been moved 
and connected to the first arm part 7a, The second arm part 8a consists of a single link 18 
joined to pivot with the second element 2 in the tripe-axis joint 30. Fig. 10 shows a 
manipulator according to Fig. 9 where the single link 18 is replaced by the parallel links 18c 
and 18d. The manipulators according to Figs. 9 and 10 give a manipulation of the second 
element in only three degrees of fireedom. 
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CLAIMS 

1. Mampulator for displacing a body in space comprising: an element (2), at least three 
arms arranged to together displace the element (2) with retained inclination/orientation 
in space, whereby a first arm (A) comprises two parallel links (14, 15) that are 
attached to the element (2) with joint arrangement (22, 23) allowing three degrees of 
freedom and whereby a second arm (B) comprises two parallel links (16, 17) that are 
attached to element (2) with joint arrangements (26, 27) allowing three degrees of 
freedom characterised in that the joint arrangements (22, 23, 26, 27) are 
arranged on a common line of symmetry (44) of element (2). 

2. Mampulator according to claim 1 characterised in that a third arm (C) 
conq}rises a link (18) that is attached to the element (2) with joint arrangement (30, 
45) allowing tbiee degrees of freedom. 

3. Manipulator according to claim 1 characterised in that a third arm (C) 
comprises a link (18) that is attached to the element (2) with jouxt arrangement (42) 
allowing two degrees of fi:eedom. 

4. Manipulator according to claim 1 characterised in that a third arm (C) 
comprises two parallel links (18a, 18b) that are attached to the element (2) with joint 
arrangement (30a, 30b) allowing three degrees of freedora 

5. Manipulator according to any of theprevious clainjs characterised in that the 
arms (A, B, C) each comprise arm part (6a, 7a, 8a) that is attached to a fixed element 
(1) with joint arrangement (5, 6, 7) allowing one degree of freedom, 

6. Mampulator according to any of the previous claims characterised inthatthe 
fixed element (1) comprises a frame-like element (la). 

7. Manipulator according to any of the previous claim Icharacterised in that the 
arm (C) comprises an arm part (6a) that is attached to the arm (A) with the joint 
arrangement (5) allowing one degree of freedom. 
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8. Manipiilator according to any of the previoxis claims . characterised in that 
the arm (C) comprises an arm part (6a) tiiat is attached to the arm (B) with the joint 
arrangement (5) alloMong one degree of freedom. 

5 9. Manipulator according to any of the previous claims characterised in that each 
of the joint arrangements (22, 23, 26, 27) has pivoting axes that coincide with or cut 
the axis of S3anmetry (44). 

10. Manipulator accordii^ to claim characterised intfaatthe joint arrangements 
10 (30, 30a, 42) are arranged on the Une of symmetry (44). 

11. M^pulator according to any of the previous claims characterised ina trq>Ie- 
axis joint arrangement (22, 23, 26, 27, 30) coniprises three single-axis bearings. 

15 12. Manipulator according to any of the previous claims characterised in that a 
fourth arm (D) comprises two parallel links (49a, 49b) that are attached to the element 
(2) with joint arrangement (50). 

13. Manipulator according to any of the previous claims characterised in that the 
20 element (2) conprises a rod-like element. 

14. ^^^pulator according to any of the previous claims characterised in that the 
triple-axis joint arrangements (22, 23, 26, 27) are pre-tensioned with a sprig. 

25 15. Manipulator according to any of the previous claims c haracterised in that at 

least one of the arms (A, B, C) comprises a translatory unit. 

16. Method for mamifacturing a manipulator comprising an element (2), at least three 
anns arranged to together displace the element (2) with retained inclination/orientation 
30 in space, whereby a first arm (A) comprises two parallel links (14, 15) that are 

attached to the element (2) with joint arrangement (22, 23) allowing three degrees of 
freedom and whereby a second arm (B) comprises two parallel links (16, 17) that are 
attached to elenaent (2) with joint arrai^ement (26, 27) allowing three degrees of 
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freedom characterised in that the joint arrangements (22, 23, 26, 27) are 
brought to be arranged on a common line of symmetry (44) of the second element (2). 

17. Method according to claim 16 characterised in that a third arm (C) comprises 
5 a link (1 8) that is attached to the element (2) with joiat arrangement (30, 45, 42). 

18. Method according to claim 16 characterised in that the arms (A, B, C) are 
each brought to con^rise an arm part (6a, 7a, 8a) that is attached with joint 
arrangement (5, 6, 7) to a fixed element (1) allowing one degree of fteedonou 

10 

19. Method according to claim 16 characterised in that two of the arms (A, B) are 
each brought to comprise an arm part (6a, 7a) that is attached with joint arrangement 
(5, 6) allowing one degree of fieedom to a fixed element (1). 

15 20. Method according to claim 19 characterised in that the arm (Q is each 
brought to comprise an arm part (8a) that is attached with joint device (7) allowing one 
degree of freedom o the arm (A). 

21. Method according to claim 19 characterised in that the arm (C) is each 
20 brought to comprise an arm part (8a) that is attached with joint device (7) allowing one 

degree of freedom to arm (B)» 

22. Method according to any of the previous claims characterised in that pivotmg 
element (2) around the axis that consists of the line of symmetry (44) is brought to be 

25 carried out with an external power source. 

23. Method in a manipulator to displace a body in space comprising: an element (2), at 
least three arms arranged to together displace the element (2) with retained 
inclination/orientation in space, whereby a first arm (A) comprises two parallel links 

30 (14, 15) that are attached to the element (2) with joint arrangement (22, 23) allowing 

three degrees of freedom and whereby a second arm (B) comprises two parallel links 
(16, 17) that are attached to element (2) Avith joint arrangement (26, 27) allowing three 
degrees of fi:eedomchar acterised in that during pivoting of the manipulator. 
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the joint arrangements (22, 23, 26, 27) together lock five degrees of freedom at the 
axis that constitutes the line of symmetry (44). 

24. Method according to claim 23 characterised in that a third arm (C) con^rises 
a link (18) attached to the element (2) with joint arrangement (42) allowing two 
degrees of freedom locks a sixth degree of freedom at the axis that constitutes the line 
of symmetry (44). 

25. Use of a manipulator according to claims 1-lS, a method according to claims 16-22 or 
a method according to claims 23-24 &r high precision applications. 



10 



wo 02/22320 PCT/SEOl/01770 

21 

AMENDED CLAIMS 
[received by the Litematioiial Bureau on 21 December 2001 (21.12.01); 
original claims 6-8, 10, 23 amended; 
remaining claims unchanged (4pages)] 

CLAIMS 

1. Manipulator for displacing a body in space comprising: an element (2), at least three 
arms arranged to together displace the element (2) with retained inclination/orientation 
in space, whereby a first arm (A) conoprises two parallel links (14, 15) that are 
attached to the element (2) with joint arrangement (22, 23) allowing three degrees of 
freedom and whereby a second arm (B) comrprises two parallel links (16, 17) that are 
attached to element (2) with joint arrangements (26, 27) allowing three degrees of 
freedom characterised in that the joint arrangements (22, 23, 26, 27) are 
arranged on a common line of symmetry (44) of element (2). 

2. Manipulator according to claim 1 characterised in that a third arm (C) 
conq>rises a link (18) that is attached to the element (2) with joint arrangement (30, 
45) allowing three degrees of freedom. 

15 3. Manipulator according to ckum 1 characterised in that a third arm (C) 
conq>rises a link (18) that is attached to the element (2) with joint arrangement (42) 
allowing two degrees of freedom. 

4. Manipulator according to claim 1 characterised in that a third arm (C) 
20 comprises two parallel links (18a, 18b) that are attached to the element (2) with joint 

arrangement (30a, 30b) allowing three degrees of freedom. 

5. Manipulator according to any of the previous claims characterised in that the 
arms (A, B, C) each comprise arm part (6a, 7a, 8a) that is attached to a fixed element 

25 (1) with joint arrangement (5, 6, 7) allowing one degree of freedom. 

6. Manipulator according to claim 5 characterised in that the fixed element (1) 
comprises a frame-like element (la). 

30 7. Manipulator according to claim 5or6characterised in that the third arm (C) 
comprises an arm part (8a) that is attached to the first arm (A) with the joint 
arrangement (5) allowing one degree of freedom. 
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8. Manipulator according to claim 5or6cliaracterised in that the third arm (C) 
comprises an arm part (8a) that is attached to the second arm (B) with the joint 
arrangement (5) allowing one degree of freedom. 

5 9. Manipulator according to any of the previous claims characterised in that each 
of the joint arrangements (22, 23, 26, 27) has pivoting axes that coincide with or cut 
the axis of symmetry (44). 

10. Manipulator according to claim 2 or 3 characterised in that the joint 
10 arrangements (30, 30a, 42) are arranged on the line of symmetry (44). 

11. Manipulatoraccordingto anyoftfaepreviousclaiinscharacterised inatriple- 
axis joint arrangemCTt (22, 23, 26, 27, 30) conqnises three single-axis bearings. 

15 12. Manipulator according to any of the previous claims characterised in that a 

fourth arm (D) comprises two parallel links (49a, 49b) that are attached to the element 
(2) with joint arrangement (SO). 

13. Manipulator according to any of the previous claims characterised in that the 
20 element (2) comprises a rod-like element. 

14. Manipulator accordiog to any of the previous claims characterised in that the 
triple-axis joint arrangements (22, 23, 26, 27) are pre-tensioned with a sprig. 

25 15. Manipulator according to any of the previous claims characterised in that at 

least one of the arms (A, B, C) comprises a translatory unit. 

16. Method for manufacturing a manipulator con^rising an element (2), at least three 
arms arranged to together displace the element (2) with retained inclination/orientation 
30 in space, whereby a first arm (A) con^rises two parallel links (14, 15) that are 

attached to the element (2) with joint arrangement (22, 23) allowing three degrees of 
fieedom and whereby a second arm (B) coniprises two parallel links (16, 17) that are 
attached to element (2) with joint arrangement (26, 27) allowmg three degrees of 
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freedom characterised in that the joint arrangements (22, 23, 26, 27) are 
brought to be arranged on a common line of symmetry (44) of the second element (2). 

17. Method according to claim 16 characterised in that a third arm (C) comprises 
a link (1 8) that is attached to the element (2) with joint arrangement (30, 45, 42). 

18. Method according to claim 16 characterised in that the arms (A, B, C) are 
each brought to conqnise an arm part (6a, 7a, 8a) that is attached with joint 
arrangement (5, 6, 7) to a fixed element (1) allowii^ one degree of freedom. 

19. Method according to claim 16 characterised in that two of the arms (A, B) are 
each brought to coniqxrise an arm part (6a, 7a) that is attached with joint arrangement 
(5, 6) allowing one degree of freedom to a fixed element (1). 

20. Method according to claim 19 characterised in that the arm (C) is each 
brought to consprise an arm part (8a) that is attached with joint device (7) allowing one 
degree of freedom o tibe arm (A). 

21. Method according to claim 19 characterised in that the arm (C) is each 
brought to comprise an arm part (8a) that is attached with joint device (7) allowing one 
degree of freedom to arm (B). 

22. Method according to any of the previoiis claims characterised in that pivoting 
element (2) aroxmd the axis that consists of the line of symmetry (44) is brought to be 
carried out with an external power source. 

23. Method in a manipulator to displace a body in space comprising: an element (2), at 
least three arms arranged to together displace the element (2) with retained 
inclination/orientation in space, whereby a first arm (A) comprises two parallel links 
(14, 15) that are attached to the element (2) with joint arrangement (22, 23) allovsdng 
three degrees of freedom and whereby a second arm (B) con5>rises two parallel links 
(16, 17) that are attached to element (2) with joint arrangement (26, 27) allowing three 
degrees of freedom characterised in that during pivotibog of the manipulator. 
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the joint arrangements (22, 23, 26, 27) together lock five degrees of jBreedom at the 
axis that constitutes a line of symmetry (44). 

24. Method according to claim 23 characterised in that athirdarm(C) comprises 
a link (18) attached to the element (2) with joint arrangement (42) allowing two 
degrees of freedom locks a sixth degree of freedom at the axis that constitutes the line 
of symmetry (44), 

25. Use of a manipulator according to claims 1-lS, a method according to claims 16-22 or 
a method according to claims 23-24 for high precision applications. 
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Fig. 3 
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Fig. 7 
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Fig. 9 
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